Medullary thyroid carcinoma (MTC), a tumor derived from the neural crest, occurs either sporadically or as the dominant component of the type 2 multiple endocrine neoplasia (MEN) syndromes, MEN2A and MEN2B. The discovery that mutations in the RET protooncogene cause hereditary MTC was of great importance, since it led to the development of novel methods of diagnosis and treatment. For example, the detection of a mutated RET allele in family members at risk for inheriting MEN2A or MEN2B signaled that they would develop MTC, and possibly other components of the syndromes. Furthermore, the detection of a mutated allele created the opportunity, especially in young children, to remove the thyroid before MTC developed, or while it was confined to the gland. The discovery also led to the development of molecular targeted therapeutics (MTTs), mainly tyrosine kinase inhibitors, which were effective in the treatment of patients with locally advanced or metastatic MTC. While responses to MTTs are often dramatic, they are highly variable, and almost always transient, because the tumor cells become resistant to the drugs. Clinical investigators and the pharmaceutical industry are focusing on the development of the next generation of MTTs, which have minimal toxicity and greater specificity for mutated RET.
Introduction
The description of MEN2A is often attributed to Sipple, who in 1961 reported a patient with a pheochromocytoma (PHEO) and cancer of the thyroid gland (Sipple 1961) . In reviewing the literature, he found 537 reports of PHEO and 27 associated malignancies, 6 of which were thyroid cancers. The thyroid cancer in Sipple's patient was described as a poorly differentiated follicular adenocarcinoma, which is understandable, considering that the publication describing medullary thyroid carcinoma (MTC) occurred only 18 months earlier, and many pathologists were unaware of it (Hazard et al. 1959) . Also, it would be another 7 years before Steiner and coworkers described a family with MTC, PHEO, hyperparathyroidism (HPTH) and Cushing's syndrome (Steiner et al. 1968) . They suggested that 'the entity characterized by tumors of the pituitary, parathyroids and pancreas be designated as multiple endocrine neoplasia (MEN) type 1, and that the entity characterized by the occurrence of PHEO, MTC and parathyroid tumors be designated as MEN type 2' (Wermer 1954 , Steiner et al. 1968 . Therefore, the first publication describing MEN2A was clearly that of Steiner and coworkers, although earlier publications, including that of Sipple (and the subsequent report that the relatives of his patient had MEN2A), were evidence that the syndrome had existed for some time, but was not recognized as such (Sipple 1961 , 1984 , Telenius-Berg et al. 1984 , Hughes 1996 , Neumann et al. 2007 . In 1966 two years prior to Steiner's report, Williams and Pollack described 2 patients with MTC, PHEOs, ganglioneuromatosis of the aerodigestive tract and an unusual physical appearance (Williams & Pollock 1966) . The syndrome was thought to be allied to von Recklinghausen's disease, but it was recognized subsequently as being similar to MEN2A and was named MEN2B. Farndon and coworkers described familial medullary thyroid carcinoma (FMTC), a syndrome distinguished by the presence of hereditary MTC, but none of the extrathyroidal manifestations of MEN2A (Farndon et al. 1986 ). As additional families were studied over subsequent decades, investigators concluded that FMTC was a variant of MEN2A (Wells et al. 2015) . Two other conditions occasionally occur in association with MEN2A: cutaneous lichen amyloidosis (CLA) and Hirschsprung's disease (HD) (Gagel et al. 1989 , Nunziata et al. 1989 , Sijmons et al. 1998 , Amiel et al. 2008 .
The American Thyroid Association's Task Force to revise the management guidelines for MTC proposed 4 variants of MEN2A: classical MEN2A, characterized by MTC, PHEOs and HPTH; MEN2A and CLA; MEN2A and HD; and FMTC (Wells et al. 2015) . Classical MEN2A is characterized by complete penetrance but variable expressivity in that virtually all patients develop MTC, but PHEOs and HPTH occur less frequently, often depending on the presence of a specific RET codon mutation. Also, MEN2A and CLA, and MEN2A and HD are almost always associated with specific RET codon mutations. The presentation of MEN2B is more uniform in that all patients develop MTC, ganglioneuromatosis and the typical phenotype, and more than 60% develop PHEOs. Generally, the MTC in patients with MEN2B is more aggressive clinically compared to the MTC in patients with MEN2A.
MTC is derived from the thyroid C-cells, which secrete the peptide calcitonin (CTN), and the glycoprotein, carcinoembryonic antigen (CEA). Measurement of serum CTN levels is especially useful in the timing of thyroidectomy in patients who have inherited a mutated RET allele, and in the evaluation of patients following thyroidectomy. The calculation of the time it takes for serum levels of CTN to double provides a reliable index of the rate of tumor growth, and thereby patient prognosis.
The molecular basis of the MEN2 syndromes
The MEN2 variants and MEN2B are inherited in an autosomal dominant pattern, and each is caused by germline mutations in the RET (rearranged during transfection) protooncogene (Donis-Keller et al. 1993 , Mulligan et al. 1993 . RET spans 21 exons on chromosome 10 (10q11.2) and encodes a highly conserved single-pass transmembrane receptor of the tyrosine kinase family. The gene is expressed in cells derived from the neural crest: the brain, parasympathetic and sympathetic ganglia, the thyroid C-cells, the adrenal medulla and the urogenital tract (Nakamura et al. 1994) .
Characterization of MEN2A
Classical MEN2A is the most common MEN2A variant, and 95% of the patients have RET mutations in codons 609, 611, 618 or 620 of exon 10, or codon 634 of exon 11. In patients with RET mutations in codon C634, the MTC has an earlier age of onset, and a more aggressive clinical course, compared to that in patients with RET mutations in codons other than C634. If an MTC is more aggressive than that expected with a specific RET codon mutation, it is important to completely sequence the tumor DNA, since a second RET codon mutation may be the reason for the MTC's unexpected behavior (Cerutti & Maciel 2013) .
In patients with RET C634 codon mutations, the incidence of PHEO is 50% by the 5th decade and approaches 90% by the 8th decade (Imai et al. 2013) . In patients with RET codon mutations, other than C634, the incidence of PHEOs ranges from 4% to 25% (Table 1) . Prior to the advent of genetic screening in families with MEN2A, the most common cause of death was PHEOs not MTC (Lips et al. 1995) . HPTH occurs in about 30% of the patients with MEN2A and RET 634 codon mutations, and is less frequent in patients with mutations in other RET codons (Table 1) .
In MEN2A and CLA, the CLA is manifested by the presence of a skin lesion in the scapular region of the back, corresponding to dermatomes T2-T6. The CLA almost always occurs in patients with an RET 634 codon mutation, although there have been reports of CLA in patients with an RET V804 codon mutation, and an RET S891A codon mutation (Gagel et al. 1989 , Rothberg et al. 2009 , Qi et al. 2015 , Scapineli et al. 2016 . Originally, CLA was thought to be uncommon, but it has been reported to occur in 35% of the patients with an RET 634 codon mutation (Verga et al. 2003) . Patients may be asymptomatic, but most of them complain of localized pruritus and persistent scratching that result in thickened hyperpigmented skin. In youngsters, the CLA may precede clinical evidence of MEN2A, and thereby serve as a marker for the presence of a mutated RET allele, and the impending development of MTC.
HD occurs in approximately 7% of the patients with MEN2A; conversely, 2-5% of the patients with HD have MEN2A (Decker & Peacock 1998 , Sijmons et al. 1998 . In MEN2A and HD, the HD occurs in patients with RET codon mutations in exon 10: 609 (15%), 611 (5%), 618 (30%) and 620 (50%) , Borst et al. 1995 . RET mutations also occur in approximately 50% of the patients with hereditary HD, and in 20%-33% of the patients with sporadic HD (Romeo et al. 1994 , Amiel et al. 2008 . The RET mutations in HD are 'loss of function' mutations that disable RET activation, whereas the RET mutations in MEN2A are 'gain of function' mutations that induce constitutive activation of RET. It seems paradoxical that HD should develop in patients with MEN2A; the explanation being that the RET mutations in exon 10 are sufficient to trigger neoplastic transformation of the thyroid C-cells and the adrenal chromaffin cells, but are insufficient to express the RET protein at the cell surface, resulting in a failed trophic response in precursor neurons (Asai et al. 2006) . It is important to screen for MEN2A in patients with HD and to screen for HD in patients with MEN2A and exon 10 mutations.
FMTC, initially thought to be a stand-alone entity, different from MEN2A and MEN2B, is now considered a variant of MEN2A. Many families, classified as FMTC variants, move forthwith into the classical MEN2A category if a single family member develops a PHEO or HPTH (Oliveira et al. 2011) .
Characterization of MEN2B
MEN2B accounts for 5% of the hereditary MTCs and is characterized by the presence of MTC, PHEOs, ganglioneuromatosis of the aerodigestive tract and a typical phenotype, consisting of a marfanoid habitus, typical facies and skeletal abnormalities. Over 75% of the cases of MEN2B are sporadic, the result of de novo RET mutations in a normal appearing parent-almost always the father (Carlson et al. 1994) . The mean age at diagnosis is 14.2 years and despite the typical phenotype, patients often go unrecognized until the MTC has spread beyond the thyroid gland and is incurable. In families with hereditary MEN2B, the disease may be apparent at, or soon after birth, when thyroidectomy may be curative; however, the MTC is aggressive in this setting, and rare infants have regional lymph node metastases at the time of thyroidectomy (Zenaty et al. 2009 ). Approximately 95% of the patients with MEN2B have an RET M918T codon mutation, and the remainder have an RET A833F codon mutation Endocrine-Related Cancer , Gimm et al. 1997 ) The MTC appears to be less aggressive in patients with the RET A833F codon mutation compared to the MTC in patients with an RET M918T codon mutation (Jasim et al. 2011) . Over 100 RET point mutations, duplications, insertions, deletions or fusions have been identified in patients with MEN2A, whereas only two RET mutations have been identified in patients with MEN2B (Wells et al. 2015) . The most common RET mutations occurring in patients with MEN2A and MEN2B, the associated aggressiveness of the MTC and the frequency of the MEN2 variants, PHEOs and HPTH, are shown in Table 1 .
Although RET mutations appear to be the sole driver in patients with the MEN2 syndromes, there are RET variants of unknown significance (VUS) that are neither benign polymorphisms nor active pathogenic mutations. Family members with the same VUS should be followed expectantly (Crockett et al. 2011) .
Sporadic MTC
In 75% of the patients with MTC, the disease is sporadic arising from somatic de novo RET mutations. Approximately 40% of the patients have RET M918T codon mutations, and approximately 30% have RAS mutations, most often KRAS or HRAS (Moura et al. 2011 (Moura et al. , 2015 In patients with sporadic MTC, an RET M918T codon mutation is associated with a more aggressive clinical course, compared to that in patients with RAS mutations (Elisei et al. 2008) . Genetic screening is important in patients with presumed sporadic MTC, since 7-15% of them will be found to have an RET germline mutation and hereditary MTC (Eng et al. 1995 , Romei et al. 2011 , Kihara et al. 2016 .
Management of MTC
In families with MEN2A, it is critical to establish a genetic screening program to identify members who have inherited a mutated RET allele and offer them genetic counseling. In most kindreds with MEN2A, family members decide to have a thyroidectomy if they are found to have a mutated RET allele or clinical evidence of MTC. Some elderly patients who have an RET mutation do not wish to have a thyroidectomy, even if they have a thyroid nodule. Most adult members of families with MEN2A advise a thyroidectomy in their children, since it is the only cure for MTC, assuming that the tumor has not developed, or is confined to the thyroid gland. Even though the procedure is usually referred to as a prophylactic thyroidectomy, and indeed a few patients have no evidence of a C-cell disorder in the thyroidectomy specimen, the majority of patients have C-cell hyperplasia, or small foci of MTC. Therefore, a better term for the procedure is early thyroidectomy.
Before the discovery of RET mutations in patients with MEN2A, the detection of an elevated serum calcitonin level served as the basis for timing thyroidectomy. Although this strategy was useful, the frequency of false positive values led to unnecessary operations (Marsh et al. 1996) . Following the discovery of RET mutations as the cause of MEN2, oncologists based the timing of thyroidectomy largely on the presence of a specific RET codon mutation. There were also problems with this strategy, since there is substantial variability in the age at which MTC develops, not only among different families with the same RET codon mutation, but among individuals within the same family. Currently, the generally accepted practice is to use a combination of genetic testing and the basal or stimulated serum calcitonin level to decide the timing of thyroidectomy.
Generally, in patients with MEN2A, and an RET C634 codon mutation, the thyroid should be removed around 5 years of age. The surgeon can avoid dissecting the central zone of the neck, since lymph node metastases rarely occur by this age. When there is no central zone dissection, the parathyroid glands can be left in situ if they are normal in size, realizing that the patient may develop HPTH later in life. In the unusual situation where the parathyroid glands are enlarged, they can be managed by radical subtotal 3 1/2 gland resection or total parathyroidectomy with heterotopic autotransplantation. Whatever the mode of management, it is important to preserve parathyroid function, since without it, the patient is committed to lifelong dependency on calcium and vitamin D replacement therapy, and is also vulnerable to the potential complications associated with chronic hypocalcemia. Measurement of the serum calcitonin level, in the basal state or following stimulation with pentagastrin, or calcium, or both, is the most reliable way to detect persistent or residual MTC after thyroidectomy (Skinner et al. 2005) . Some investigators consider that a basal serum calcitonin level within the normal range or a pentagastrinstimulated serum calcitonin less than 10 pg/mL following thyroidectomy represents a 'biochemical cure' (Barbot et al. 1994 , Franc et al. 2001 . A detectable basal postoperative serum CTN, even within the normal range, represents an incurable state, although the progression of the MTC is variable, and patients may go for years before they develop a clinical recurrence, if they ever T5 S A Wells MEN2, medullary thyroid carcinoma
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Endocrine-Related Cancer do. In one study, 50 consecutive youngsters with a germline RET mutation were evaluated at least 5 years after prophylactic thyroidectomy (Skinner et al. 2005) . The basal and stimulated (with the combined intravenous infusion of pentagastrin and calcium) serum calcitonin levels were undetectable in 44 (88%) patients, but were elevated in 2 patients, one immediately postoperatively and the other at 3 years postoperatively. In 4 patients, the basal serum calcitonin levels were undetectable at every evaluation time point, but the stimulated calcitonin levels were above the normal range from 4 to 10 years after thyroidectomy (Fig. 1) . Prophylactic thyroidectomy, although extremely useful in youngsters, applies to a small number of patients with hereditary MTC, and no patients with sporadic MTC. In newly discovered families with MEN2A, one finds all stages of disease. In 75% of the patients with clinically evident thyroid nodules, the MTC has already spread to regional lymph nodes, and 10% of the patients have metastases at distant sites (Weber et al. 2001 , Moley 2010 . In some patients, even the elderly, the MTC is occult, the only evidence of its presence being an elevated serum calcitonin level. The management algorithm for patients found to have an RET germline mutation is shown in Fig. 2 .
The preferred operation for most patients is total thyroidectomy with dissection of lymph nodes in the central neck. Additional lymph node compartments are dissected if there is evidence of metastases on preoperative imaging studies, or at the time of thyroidectomy.
Lifelong follow-up is indicated, beginning every three months postoperatively, and at longer intervals if there is no evidence of persistent or recurrent disease in the first year after thyroidectomy. Serial measurements of serum calcitonin and CEA levels are useful in documenting disease progression, and especially in the calculation of the time that it takes for the two markers to double. In a recent study of 65 patients, the 10-year survival was 8% in patients whose serum CTN doubling time was less than 6 months, 37% in patients with doubling times between 6 and 24 months and 96% in patients with doubling times greater than 24 months (Barbet et al. 2005) . When the doubling times of serum CEA and serum calcitonin are concordant, the predictability of disease progression and prognosis is more accurate (Laure Giraudet et al. 2008 ).
Management of PHEO
Half or more of the patients with MEN2A and MEN2B develop PHEOs, the incidence increasing with age. The diagnosis of a PHEO succeeds the diagnosis of MTC in ~50% of the patients, is coterminous with the diagnosis of MTC in ~40% of the patients and precedes the diagnosis of MTC in ~10% of the patients (Rodriguez et al. 2008) . The PHEOs are almost always benign, multicentric and confined to the adrenal gland (Modigliani et al. 1995) . Regardless of whether the patient has MEN2A or MEN2B, it is critical to exclude the presence of a PHEO prior to any diagnostic or therapeutic intervention. Following resection Figure 1 The results of 50 consecutive patients (mean age 10 years; range 3-19 years) who had inherited a mutated RET allele and were treated by prophylactic thyroidectomy. All patients were evaluated 5-10 years after surgery (mean 7 years) by physical examination and measurement of serum calcitonin levels following the combined administration of calcium and pentagastrin. Basal and stimulated serum calcitonin levels were undetectable in 44 patients, and they were considered cured. Basal serum calcitonin levels were undetectable in 4 patients but they increased above the normal range following stimulation 4-9 years after thyroidectomy. In two patients, basal and stimulated serum calcitonin levels were above the normal range, one immediately after thyroidectomy and the other not until 3 years after thyroidectomy. Data from Skinner et al. (2005) .
of one or more PHEOs, prolonged evaluation is important for two reasons. In the majority of patients, a contralateral PHEO will develop within 10 years after a unilateral adrenalectomy , Asari et al. 2006 . Following a bilateral adrenalectomy, patients are at risk for an Addisonian crisis, especially if they become injured, or ill, or receive inadequate glucocorticoid replacement . Recognizing the complications associated with bilateral adrenalectomies, surgeons have recently turned to performing subtotal adrenalectomies in an attempt to preserve sufficient adrenal cortical tissue and obviate the need for glucocorticoid replacement, even under stressful conditions. Thus far, the experience has been mixed, as about half of the patients require supplemental glucocorticoids, and from 3% to 20% of the patients develop a recurrent PHEO at some time after surgery (Brauckhoff et al. 2008 , Scholten et al. 2011 , Brauckhoff & Dralle 2012 . Cortical sparing adrenalectomy seems promising; however, long-term evaluation of many patients is necessary before the worth of the technique is established.
Management of HPTH
HPTH occurs in approximately 30% of the patients with MEN2A, most often in patients with RET mutations in exon 10 and exon 11, especially RET codon C634. The mean age at diagnosis is 33.7 years. The HPTH is usually mild and asymptomatic, but surgical resection is indicated if patients develop symptoms or signs related to hypercalcemic. The surgical options are either subtotal 3 1/2 gland resection or total parathyroidectomy with a parathyroid autograft to a heterotopic site. The size of the individual parathyroid glands may vary, and the surgeon may be tempted to remove only those that are enlarged; however, this approach carries the risk that patients will develop persistent or recurrent HPTH. It is important that the surgeon identifies and marks the sites of parathyroid glands left in situ in order to identify them if the patient develops HPTH and requires reoperative surgery. The development of HPTH in patients who have had a prior thyroidectomy presents a challenge for the surgeon. Localization procedures, such as ultrasound, CT scans and sestamibi scans, are useful to identify parathyroid glands prior to repeated exploration of the neck.
Management of patients with persistent or recurrent MTC
Patients who have a total thyroidectomy for MTC are evaluated at varying intervals by physical examination and laboratory tests, including measurement of serum levels of CTN and CEA. Imaging studies are indicated if the serum CTN level exceeds 150 pg/mL, or if there is clinical evidence of recurrent MTC. Repeat operations in patients with regional node metastases are rarely curative, and the treatment of patients with distant metastases is palliative (Scollo et al. 2003 , Pelizzo et al. 2007 , Wells et al. 2015 .
In patients whose advanced MTC is not amenable to surgery, the treatment options are chemotherapy, a molecular targeted therapeutic (MTT) or continued observation (Fig. 3) .
Chemotherapy
Formerly, either single agent or combination chemotherapy was front-line therapy for patients with advanced MTC; however, with most regimens, responses were infrequent and of short duration. Doxorubicin was the first chemotherapeutic that the FDA approved for the treatment of patients with advanced thyroid cancer, but it is seldom given alone, and is more often combined with either vindesine or cisplatin (Gottlieb et al. 1972 , Figure 3 Management of patients following thyroidectomy for persistent or recurrent medullary thyroid carcinoma. Ctn, calcitonin; CEA, carcinoembryonic antigen; EBRT, external beam radiotherapy; MTC, medullary thyroid carcinoma; TFTs, thyroid function tests; TSH, thyrotropin; TKI, tyrosine kinase inhibitor; TTX, total thyroidectomy; US, ultrasound. Reproduced, with permission, from Wells et al. (2015) . Copyright 2015 American Thyroid Association and Mary Ann Liebert Inc. T8 S A Wells MEN2, medullary thyroid carcinoma
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Endocrine-Related Cancer Husain et al. 1978 , Scherubl et al. 1990 ). The combined regimen of dacabarzine, vincristine and cyclophosphamide is moderately efficacy in patients with advanced MTC, and is currently the chemotherapeutic regimen of choice for patients with advanced MTC who have failed to respond to, or become resistant to, MTTs (Wu et al. 1994 , Deutschbein et al. 2011 , Tuttle et al. 2014 .
External beam radiation (EBRT)
EBRT as adjuvant therapy is not indicated in patients with primary MTC, and is of little benefit in the treatment of patients with regional metastases, unless there is impending invasion of vital structures. EBRT is often palliative in patients with metastases to distant sites, such as brain or bone.
Molecular targeted therapeutics
In the normal state, external growth factors or ligands bind to cell surface receptor tyrosine kinases and transmit a series of intracellular signals. Mutations in these receptors lead to a state of constitutive activation with continuous signaling to the nucleus and immortalization of the cell.
Recognizing that the mutated receptors are vulnerable targets, clinical investigators in collaboration with the pharmaceutical industry began to develop specific MTTs for patients with advanced malignancies. The first MTT to show efficacy in patients with a malignant disease (chronic myelogenous leukemia (CML)) was the tyrosine kinase inhibitor (TKI), gleevec (imatinib) (Druker et al. 2001) . In a clinical trial of imatinib in patients with CML, there was, at 10.9 years, an overall survival of 83.3% and a complete cytogenetic remission of 82.8% (Hochhaus et al. 2017) . The efficacy of imatinib in trials of patients with CML created great excitement among oncologists. Unfortunately, the experience with gleevec has not been replicated with various MTTs in patients with solid organ malignancies; however, in patients with advanced MTC, there have been encouraging results in clinical studies of 2 MTTs. The first TKI approved by the FDA for any thyroid cancer was ZD6474, or vandetanib, an orally available anilinoquinazoline that in preclinical studies blocked the enzymatic activity of RET-derived oncoproteins at a onehalf maximal inhibitory concentration of 100 nM. Also in nude mice, ZD6474 blocked the formation of tumors derived from NIH-RET/PTC3 cells (Carlomagno et al. 2002) . In a phase II trial of vandetanib in patients with locally advanced or metastatic MTC, the drug administered in a maximum tolerated dose of 300 mg/day induced partial remissions in 6 of the 30 patients, and disease stabilization in 22 patients. The estimated progression-free survival (PFS) was 27.9 months (Wells et al. 2010) . Another trial of patients treated with vandetanib, 100 mg/day, gave similar results (Robinson et al. 2010) . Supported by the results of the phase II trials, investigators initiated a prospective, double-blind, randomized, phase III trial, evaluating the efficacy of vandetanib, compared to placebo in patients with advanced MTC (Wells et al. 2012) . There was an estimated median PFS of 30.5 months in patients treated with vandetanib, compared to 19.3 months in patients receiving placebo ( Table 2 ). Because of grade III adverse events, primarily diarrhea, rash, hypertension and headache, 35% of the patients required dose reductions. Based on results of the phase III trial, the FDA approved vandetanib for the treatment of patients with progressive, advanced metastatic MTC (Wells et al. 2012) .
XL184, or cabozantinib, an orally available TKI with activity against MET, VEGFR2 and RET, prevented phosphorylation of target kinases, reduced cell growth and inhibited angiogenesis and tumor invasiveness in several cell lines (Yakes et al. 2011) . In a phase I/II trial of cabozantinib in patients with advanced MTC, 29% had a partial remission and 68% had stable disease (Kurzrock et al. 2011) . In a subsequent phase III prospective, doubleblind, randomized trial of cabozantinib compared to placebo in patients with advanced MTC, the PFS in patients receiving cabozantinib was longer than that in patients receiving placebo (11.2 months compared to 4 months (Table 2) . Grade 3 or 4 adverse events, including hemorrhage, fistulas and gastrointestinal perforation occurred in 69% of the patients treated with cabozantinib, and there were 9 deaths related to cabozantinib treatment. Based on the results of the phase III clinical trial, the FDA approved cabozantinib for the treatment of patients with advanced MTC (Elisei et al. 2013) .
Other MTTs have shown efficacy in patients with advanced MTC, but none has been evaluated in phase III clinical trials (Table 2) . Some of the compounds are used as second line therapy in patients who fail treatment with either vandetanib or cabozantinib. The agent most often used is sorafenib, a multikinase inhibitor, which has shown efficacy in phase I and phase II clinical trials of patients with MTC. The most common response has been disease stabilization (Lam et al. 2010 , Capdevila et al. 2012 .
The experience with MTTs in the treatment of patients with advanced MTC has been sobering. While vandetanib and cabozantinib have improved PFS, there has been no improvement in overall survival. Moreover, virtually all responses have been partial, not complete, and almost all patients become resistant to the therapy and develop progressive disease. For unknown reasons, the response to therapy can vary markedly, as noted in Fig. 4 , which shows results of vandetanib treatment in 16 children with advanced MTC. Except for one child with sporadic MTC, all children had MEN2B and the M918T RET mutation, all received the same drug, and all of them looked alike; yet their responses to vandetanib varied from a ~10% to an ~80 reduction in tumor size. One would expect a similar response rate among the children in the study; yet the responses of the patients were no different from that seen in a more disparate patient population of adults with sporadic MTC, who were treated with vandetanib (Robinson et al. 2010 , Wells et al. 2012 .
Thus, the response to a given MTT is multifactorial and depends not only on the specific target mutation, and the treatment drug, but on unknown factors in the host. Considering the varied responses and the associated toxicities to the current MTTs used to treat patients with MTC, the pharmaceutical industry is concentrating on the development of MTTs that have minimal toxicity and a greater specificity for inhibiting mutated RET. Two such drugs (BLU-667 (NCT03037385); Blueprint Medicines, Inc., Cambridge, MA, USA) and (LOXO-292 (NCT03157128); Loxo Oncology, Stamford, CT, USA) are currently being evaluated in phase II clinical trials. The goal is to cure patients with advanced MTC, or at least convert their progressive disease to one that is chronic and longlasting. Axitinib (Cohen et al. 2008) Phase II 11 18 27* NA Motesanib (Schlumberger et al. 2009) Phase II 91 2 48** 12 Sorafenib (Lam et al. 2010) Phase II 16 6.3 87.5* 17.9 Sunitinib (Ravaud et al. 2010) Phase II 6 50 NA NA Vandetanib (Wells et al. 2010) Phase II 30 20 53** 27.9 # Vandetanib (Robinson et al. 2010 
